Murine cytotoxic T lymphocytes (CTL) and helper cells are H-2 antigen restricted in their specificity: recognition of foreign antigen by these cells requires the concomitant recognition ofself-H-2 molecules. Which H-2 antigens T cells treat as "self" is determined by the particular H-2 antigens expressed on radioresistant cells ofthe thymus in which these T cells mature.
Using tetraparental [(Pa + P2) --F1] radiation chimeras with in situ F1 thymuses, we have found that the H-2 genotype of the stem cells does not influence their H-2 restriction specificity. This has allowed us to use tetraparental chimeras that have been thymectomized and grafted with parental (P1, P2, or both) thymus lobes to study the requirements for H-2-restricted T-T interactions during CTL ontogeny and induction. In animals that have received thymus grafts of both parental origins, CTL display no preference for maturation within a syngeneic thymus graft, a finding that is not compatible with a suggested requirement for intrathymic H-2-restricted T-T interactions in the maturation ofprecursor CTL. We have also grafted thymectomized tetraparental radiation chimeras with thymus grafts from only one parent to compare the induction of P1 and P2 CTL in environments in which peripheral (extrathymic) T cell interactions are restricted to one H-2 haplotype. Again, we find no evidence for preferential induction ofCTL precursors syngeneic to the thymus graft, contrary to expectation if CTL induction requires that T helper cells restricted to thymic H-2 antigens interact directly with precursor CTL. In those animals with one parental thymus graft, there is variability in the ratios of P1 and P2 cells induced with several antigens, a finding that may be indicative of an H-2-restricted suppression mechanism operating in the periphery.
The H-2 region, the murine major histocompatibility complex, influences the functions of T cells in several ways. Both helper cells and cytotoxic T lymphocytes (CTL) are H-2 restricted, which means that the activity of these cells depends not only on the recognition ofthe foreign antigen for which they are specific but also on the simultaneous recognition of the proper H-*2 antigens on the presenting cell (1) (2) (3) (4) (5) (6) . Which particular allelic product of H-2 a given T cell recognizes in conjunction with foreign antigen is not defined by the H-2 phenotype of the T cell itself, but is determined by the environment in which this T cell differentiates and meets antigen. Thymus grafting studies have shown that the thymic environment in which T cells differentiate can influence to a great extent their H-2 restriction specificity; in these cases "self" H-2 is defined by the H-2 antigens expressed by radioresistant. cells of the thymus (7) (8) (9) .
It is possible for T cells to learn a wholly allogeneic H-2 as self; CTL and helper T cells restricted to H-2B can be readily induced in [A -* (A X B)] chimeras (10) (11) (12) . In this situation, there is a partial H-2 matching between thymus and thymocyte:
*both express H-2A. There has been some controversy over whether T cells can differentiate in a wholly allogeneic thymus. (7, 11, 13, 14 (11) . Involvement of the I region in CTL induction has also been suggested by the immunogenetics of the CTL response to the male-specific antigen H-Y. By complementation analyses, the ability to mount a CTL response to H-Y has been mapped to two H-2 regions; the immune response gene that maps to the K-IA region. is thought to control the response of a helper cell .required to induce CTL specific for H-Y (15) (16) (17) .
The idea of a T helper cell for CTL generation is supported by much independent evidence (reviewed in ref. 18) . What is as yet unclear is whether this helper cell-CTL interaction involves H-2-restricted antigen recognition for helper cell induction or delivery of the helper signal to the precursor CTL; is the helper cell-CTL interaction analogous to the helper cell-B cell interaction? Data from Bennink and Doherty (19) indicate this may not be the case. In this set of experiments, CTL were efficiently primed to vaccinia virus in a totally I region disparate environment,.a finding incompatible with a requirement for self-I-region-restricted activation of a helper cell for CTL induction. In analogous experiments assaying humoral responses, one would expect no T helper cell priming (20) . These authors conclude that the I region may not be involved in regulation of CTL induction, and they suggest that there is a requirement for I region-restricted help at some-earlier (intrathymic?) stage of T cell ontogeny (19) .
The severity of the immunoincompetence of wholly allogeneic chimeras has been called into question by several investigators measuring immune responses such as alloreactive, minor-H-specific (21) and Sendai-virus-specific (22-24) CTL, keyhole limpet hemocyanin-specific helper T cells (25) , induction of graft-versus-host disease, response to T cell mitogens, generation ofa secondary antibody response (26) , and skin graft rejection (27) . These responses have ranged from normal to well below normal, and the H-2 restriction specificity of the T cells We have designed an experimental system that is relatively free of these complications for studying H-2-restricted interactions in T cell ontogeny and CTL induction. Our system is an internally controlled one in which lymphoid stem cells are given a "choice" of a syngeneic or an allogeneic thymic environment in which to mature. We are able to quantitate the extent of maturation of CTL precursors in a syngeneic versus an allogeneic thymus. This allows us to determine whether intraor extrathymic H-2-restricted interactions influence CTL differentiation in animals that have healthy immune systems. Radiation Chimeras. Two protocols were used for constructing thymus-grafted chimeras. In the first, 6-week-old female (AKD2)F1 mice were thymectomized and allowed to rest for 2 weeks. They were then administered 950 rad (1 rad = 0.01 gray) from a 137Cs source and injected with a mixture of C and C. K bone marrow cells totalling 1.5 x 107 cells in the ratios 1:1, 1.3:1, or 1:1.3. Bone marrow cells were treated prior to mixing and injection with a mixture of two monoclonal anti-Thy-i reagents (13-4 and T24; see below) plus rabbit complement. Eight weeks later, these animals were grafted subcutaneously (under the shoulder) with several lobes of <24-hr-old C or C. K thymuses or both that had been given 800 rad. In this system, host [(AKD2)F1] and donor (C and C. K) T cells can be readily distinguished on the basis of Thy-i phenotype.
MATERIALS AND METHODS
In the second protocol, 5-to 8-week-old (C. K x C)F1 mice were thymectomized and 1 week later grafted with unirradiated neonatal thymus lobes from C or C. K donors or both. The following week, the animals (and their thymus grafts) were given 900 rad and 1.2 x 107 C plus C. K anti-Thy-i-treated bone marrow cells in the ratios 1:1 or 1:1.3.
Tetraparental chimeras (with in situ F1 thymuses) were irradiated and stem cells were injected as described above.
Priming for Minor H Antigens. Animals were primed to minor H antigens 2-9 months after irradiation and bone marrow injection by intraperitoneal injection of 107 (AKR/J X B10. D2)F1 Induction and Assay of CTL. CTL were induced polyclonally by concanavalin A (Con A) for 3 days and assayed in the presence ofphytohemagglutinin as described (35) . Minor, allogeneic, and TNP-specific CTL were induced in 5-day mixed lymphocyte culture (MLC) as described (31) . The killing activity mediated by serial 1: 3 dilutions ofresponder cells was measured by using a constant number of 51Cr-labeled 2-to 3-day Con A blasts as target cells in a 4-hr assay as described (31 (Fig. 1C) . The effector CTL population from the tetraparental chimera is therefore an approximately 1:1 mixture of C and C.K cells, reflecting the composition ofthe total lymphocyte pool. These data demonstrate that the H-2 type of parental thymocytes differentiating in a semisyngeneic F1 thymus does not influence their H-2 restriction specificity. These results are similar to those found previously for helper cells (10; 36, 37 Fig. 1B . Equal H-2k-restricted and H-2d-restricted activities were generated from this double thymus grafted chimera. Treatment ofthe CTL just prior to the 51Cr release assay with anti-H-2k serum plus complement resulted in a reduction to one-third in activity against both H-2k and H-2d minor-Hdifferent targets. Anti-H-2d serum plus complement had no demonstrable effect (Fig. 1B) . It is thus concluded that both the k-restricted and the d-restricted CTL in this chimera are about two-thirds C. K. and one-third C, a composition similar to that ofthe total lymphoid cells from this animal. These data indicate that there is no selective advantage or disadvantage for pre-CTL to mature in a syngeneic versus an allogeneic thymus graft.
In Table 1 immunology: Fink and Bevan 6404 Immunology: Fink and Bevan trathymic H-2-restricted T-T interactions and those that may occur in the periphery, we compared animals that received both types of parental grafts with those reconstituted with thymic lobes from a single parent. H-2-restricted interactions that permit CTL induction in the periphery would be uncompromised in double-grafted animals, because the T cells mediating these interactions can be the products of either parental graft; intrathymic interactions would still be blocked. In tetraparental chimeras with thymus grafts from only one parent, even peripheral H-2-restricted T-T interactions would be restricted to only one H-2 type. To eliminate the possibility ofproviding helperT cells in the spleen cells injected as immunogen, all (C. K x C)F1 recipients were primed with anti-Thy-l-treated (BlO.Br X BlO. D2)F1 spleen cells.
Nine single-thymus-grafted animals were examined. Data from six such animals are compiled in Table 2 , and representative titration curves from two experimental animals are depicted in Fig. 2 . The minor-H-specific CTL induced in all single-grafted animals examined show a strong thymic preference in H-2 restriction specificity. Animal no. 1 ( Fig. 2A) received C thymus grafts and the CTL generated against (BLO.Br X BlO.D2)F1 cells lyse mainly BLO.D2 (H-2d) targets. This d-re- Effector: target or anti-Thy-1.1 monoclonal antibodies (n) plus rabbit complement. In A, antiserum-treated responder cells were tested on B1O.D2 targets, and in B and C, on BlO.Br targets. In animal A, spleen and lymph node cells were typed as 59% C, 31% C.K, and 10% F1. Con A-induced CTL were typed as 65% C and 35% C.K. In animal B, spleen and lymph node cells were 48% C, 49% C.K, 3% F1. Con A-induced CTL were 70% C and 30% C.K. stricted CTL activity is reduced approximately 90% by treatment with anti-H-2k serum plus complement and therefore consists of 90% C. K. effector cells. This is an example of an allogeneic restriction preference, because only 31% of the total lymphoid cells and only 35% of Con A-induced CTL are C. K. (Table 2 ). Animal no. 6 (Fig. 2B) received C. K. thymus grafts and generated mainly k-restricted CTL activity. The composition of this CTL population is quite similar to that of the total lymphocyte pool from this animal ( Table 2) .
The CTL from all animals with C. K. thymus grafts that were tested show neither a syngeneic nor an allogeneic preference, with the exception of a weak allogeneic preference observed in the H-2-restricted CTL of animal no. 5. In the (C.K x C)F1 hosts reconstituted with BALB/c grafts, for example, animals 3 and 4 in Table 2 , neither an allogeneic nor a syngeneic preference is apparent. On the other hand, the striking allogeneic preference shown in Fig. 2A is seen in all (AKD2)F1 animals with BALB/c thymus grafts. Although the procedures used for constructing and priming thymus-grafted (AKD2)F1 recipients differ from those using (C. K x C)F1 recipients, there is no obvious relationship between these differences and the presence ofan allogeneic preference in (AKD2)F1 recipients ofC (and not C. K) thymus grafts. The possible implications of preferential induction of CTL that are allogeneic to the thymus will be discussed below.
In no single-thymus-grafted animal was a strong syngeneic preference seen, an observation incompatible with the suggestion that helper T cells for CTL are required to recognize the H-2 antigens of the CTL precursor in order to deliver an induction signal. 
